The microbiological monitoring of the water used for hemodialysis is extremely important, especially because of the debilitated immune system of patients suffering from chronic renal insufficiency. To investigate the occurrence and species diversity of bacteria in waters, water samples were collected monthly from a hemodialysis center in upstate São Paulo and tap water samples at the terminal sites of the distribution system was sampled repeatedly (22 times) at each of five points in the distribution system; a further 36 samples were taken from cannulae in 19 hemodialysis machines that were ready for the next patient, four samples from the reuse system and 13 from the water storage system. To identify bacteria, samples were filtered through 0.22 µm-pore membranes; for mycobacteria, 0.45 µm pores were used. Conventional microbiological and molecular methods were used in the analysis. Bacteria were isolated from the distribution system (128 isolates), kidney machine water (43) and reuse system (3). Among these isolates, 32 were Gram-positive rods, 120 Gram-negative rods, 20 Gram-positive cocci and 11 mycobacteria. We propose the continual monitoring of the water supplies in hemodialysis centers and the adoption of effective prophylactic measures that minimize the exposure of these immunodeficient patients to contaminated sources of water.
INTRODUCTION
Patients with chronic renal insufficiency suffer from abnormalities of the immune system, as a direct result of uremia and its metabolic consequences, making them more susceptible to infections. Such abnormalities include impairment of the action of neutrophils, lymphocytes B and T and monocytes, leading to defective antigen processing, antibody production and cell-mediated immune response and thus to an increased incidence of microbial infections 18, 31 .
Each patient using a kidney machine is exposed to between 18,000 and 36,000 L of water a year, from which, if it were not properly treated, a variety of chemical, bacterial and toxic contaminants could be transferred to the patients 34 .
The source of water used in hemodialysis consists basically of drinking water, purified by various techniques, whose composition and quality depend on its origin. In Brazilian hemodialysis units, a frequently used system of water treatment is reverse osmosis. Typically, water from the public supply passes through mechanical filters, water softeners, charcoal filters, deionizers and the reverse osmosis filter and is finally stored in tanks for subsequent distribution through polyvinyl chloride (PVC) tubing to the whole water system of the unit (Fig. 1 ). In such a system, the tubes, tanks and taps represent potential reservoirs for microorganisms that contribute to biofilms which, once formed, are extremely hard to eradicate by chemical or mechanical means 9, 27, 34 . Some studies reported the presence of biofilm in the tubing carrying hemodialysis fluids and noted its high resistance to biocides. This bacterial biofilm can lead to the recurring diffusion of toxins into the blood of patients undergoing hemodialysis, causing chronic inflammation. Various bacteria are described in the literature as capable of forming biofilm, e.g. Pseudomonas and Burkholderia species and mycobacteria 9, 32, 35 . Compared to many other bacterial species, mycobacteria are exceptionally resistant to chemical disinfectants, such as chlorine 35 . However, ARVANITIDOU et al. 5 point to Gram-negative bacteria as the main contaminants of the water associated with the hemodialysis unit. These bacteria use the dialysing solution as a source of nutrients for growth 3, 34 .
Although the role of the quality of water used for hemodialysis has been emphasized by several authors 6, 7, 15 , few standards have been developed so far, as recommended by the Association for the Advancement of Medical Instrumentation (AAMI) 2 and the European Best Practice Guidelines for Hemodialysis 13 . In some countries, investigations have revealed that the contamination levels in many samples of water treated for use in kidney machines and samples of dialysis solution are above the AAMI limit (200 CFU/mL heterotrophic bacteria) 5, 15 . According quality criteria for dialysis water in the Brazilian Health Ministry (Res. RDC 154/GM, 15/6/2004), the number of microorganisms in these fluids should not exceed 200 CFU/mL and both the water and dialysate should be tested microbiologically at least once a month or immediately following a pyrogenic reaction or septicemia in a patient undergoing dialysis, as well as after any modification of the water treatment or distribution system. Nevertheless, routine microbial checks performed at hemodialysis centers do not include analysis of mycobacteria or fungi, and there are few published reports of the isolation and identification of these organisms 11, 12, 29, 30 . The aim of this study was to investigate the microbiological quality of the dialysis water and sterilization solutions used at a hemodialysis center by isolating and identifying the Gram-negative and Gram-positive bacteria and mycobacteria.
MATERIALS AND METHODS
This study was conducted over a period of approximately two years (November, 2004 to July, 2006 in the hemodialysis center located in upstate São Paulo, having received the approval of the Research Ethics Committee of the University of Franca, SP, Brazil. Firstly, 110 samples of water were collected at the beginning of a dialysis treatment, consisting of a series of 22 samples at each of five points in the water system: (I) municipal water supply to the dialysis center, (II) downstream of reverse osmosis filter, (III), (IV) and (V) water distribution system in three dialysis rooms, designated rooms A, B and C. Each sample was collected after 3-5 min free flow 1 . Samples from (I) were treated with 1 mL 1.8% sodium thiosulfate per liter, to remove residual chlorine. In addition, 36 samples were taken from 19 kidney machines, before use or during patient changeover, after they were disinfected and ready for a new session; four samples of cleaning water from the dialyser reuse system and 13 from the water storage tank. Finally, 10 samples were taken from the sterilizing solutions in which dialysers had been kept after being washed for reuse with post-reverse osmosis treated water. One-liter water samples (n = 173) were collected in a sterilized flask and sent directly to the Laboratory of Research in Applied Microbiology at the University of Franca (UNIFRAN, SP, Brazil), to be analyzed within two hours of collection.
Bacteriological quantification and isolation:
With a view to counting the number of bacteria suspended in each water sample, bacteria counts were done in duplicate on Reasoner's 2A agar (R2A -Difco) by the spread plate technique and plates were incubated at 25 ºC for five days, according to the American Public Health Association (APHA) 1 . At which time colonies were counted (total cell count) and the results are expressed as the mean of CFU (Colony Forming Units) per milliliter. Moreover, the number of CFU reflects the number of living cells that can grow under the conditions used i.e. medium, temperature and time. Total cell count includes both living and cells that can take up metabolized a certain stain 22 .
The membrane filtration is used as the concentrating technique, according to the water examination standard of American Public Health Association (APHA) 1 . Pore sizes of the membranes (Millipore, São Paulo, Brazil) were 0.45 µm for mycobacteria and 0.22 µm for other bacteria. For both Gram-negative and Gram-positive bacteria, following filtration, the 0.22 µm membranes were placed in enrichment medium (peptone water) and incubated at 37 °C for 24 h. Afterwards, samples showing cloudiness were seeded on plates of blood agar (Difco Labs, MD, USA), mannitol agar (Difco) and MacConkey agar (Difco) and incubated at 37 °C for 24 h. In the assays for Mycobacterium, water sample was filtered and the membrane was treated with a solution of 4% sulfuric acid and neutralized with 30% solution of NaOH 14, 20 , decontaminated and the retentate resuspended in 2.0 mL peptone water, from which two 0.2 mL aliquots were transferred to tube slants of Lowenstein-Jensen medium (Difco). One slant was incubated at ambient temperature and the other at 37 °C, for 60 days. Identification of Mycobacterium were performed by PRA (PCR and Restriction-enzyme pattern Analysis) 36 .
Identification:
The pure bacterial isolates were subcultured on blood, mannitol or MacConkey agar and were identified by cultural and biochemical tests 26. The commercial systems "BBL Crystal" Grampositive ID Kit and Enteric Nonfermenter ID Kit (Becton & Dickinson, MD, USA) were required for the definitive identification of species isolated.
Colonies of mycobacteria were confirmed as acid-fast rods by the Ziehl-Neelsen staining method and then identified by PRA. The bacterial DNA was first extracted by applying a thermal shock consisting of three cycles of boiling (10 min) followed by freezing to -20 °C (10 min) and then subjected to PRA. DNA fragment of 439 bp was initially amplified by PCR, with the primers Tb 11 (5'ACCAACGATGGTGTGTCCAT) and Tb 12 (5'CTTGTCGAACGCATACCCT), and the amplicon was cleft by restriction enzymes BstEII and HaeIII and separated into fragments by electrophoresis in 4% agarose gel, which was subsequently developed with ethidium bromide, illuminated with UV light and photographed. Images were captured, stored and analyzed with the help of a gel documentation system. The PRA band patterns were analyzed by comparison with data in the PRASITE data bank: http://app.chuv.ch/prasite/index.html.
RESULTS
Results of analysis of samples of water and samples from the water distribution system are summarized in Table 1 . A total of 110 water samples (8) . PRA identification of isolates obtained from positive water samples showed that the predominant species of Mycobacterium were M. gastri 1 (3 = 33.3%) and M. kansasii 3 (3 = 33.3%). The mycobacteria were recovered mostly (55%) at point IV (dialysis room B) and consisted entirely of four species: M. kansasii 3 (2/25), Mycobacterium gordonae 3 (1/25), Mycobacterium lentiflavum 1 and M. gastri 1 (1/25). Note that all mycobacteria were found in the dialysis rooms or reuse system, while the other acid-fast genus, Nocardia, was only found earlier in the system points I and II (Tables 1 and 2 ).
In the samples taken in the public water supply, 29 isolates were recovered, P. stutzeri and Bacillus thuringiensis prevailing with five isolates each. At the second collecting point, downstream of the reverse osmosis filter, P. aeruginosa and P. fluorescens was prevailing, with six isolates each (12/26 = 46.2% - Table 1 ). In the dialysis rooms A (III), B (IV) and C (V), 73 bacterial isolates (Table 1) The 36 water samples taken from the outlet cannulae of the kidney machines (dialysate) yielded 43 bacterial isolates (Table 3) , while five of the samples (13.9%) showed no bacterial growth. Among the bacterial isolates, P. aeruginosa (13 = 30.2%) was the most frequent species, while Staphylococcus epidermidis (8 = 18.6%) was the most evenly distributed in the dialysis water of the machines in the three rooms A, B and C. Other species (Table 3) found here were P. stutzeri (8 = 18.6%), Escherichia coli (7 = 16.3%), Klebsiella pneumoniae and Stenotrophomonas maltophilia (2 = 4.6%) and B. cereus, P. putida and F. odoratum (1 = 2.3%).
Only three isolates were recovered from the reuse system (Table 2) sampling site: S. epidermidis (1), M. gordonae 2 (1) and M. gordonae 3 (1). Finally, nine isolates were recovered from the 13 samples taken from the water storage tank (Table 4) , the most frequent species being P. aeruginosa (3 = 33.3%) and Burkholderia cepacia (2 = 22.2%).
The numbers of bacteria found in the water, both in the distribution system and in the machine cannulae, averaged 2.5 and 3.0 CFU/mL respectively, considered a rather low density. Moreover none of the 10 samples of sterilizing solution produced any bacterial growth. 
Isolated bacteria Number of isolates

Staphylococcus epidermidis 1
Mycobacterium gordonae 2 1
Mycobacterium gordonae 3 1 TOTAL 3 
DISCUSSION
Over the last two decades there has been considerable progress in our understanding of microbial pathogenesis in hemodialysis patients, and the current emphasis is on patient immunity, bacterial virulence and the dialysis process itself 18 . It is now well established that dialysis fluid quality depends on a complex chain of devices and procedures, and the quality control procedure implemented. The correct working of the preparatory process (pre-treatment) and the final phase of depuration (reverse osmosis) of the system need a periodic preventive maintenance and the regular substitution of worn or exhausted components by a competent and trained staff. Routine disinfection of the membranes of reverse osmosis and the water distribution system, including dialysis machine connections, should be submitted to disinfections at least monthly. For this purpose it is possible to use chemical and physical agents according to manufacturer recommendations. In dialysis center studied, the system disinfection is carried out with peracetic acid and at a minimum of 60 minutes of disinfection time, every night.
Every week, hemodialysis patients are exposed to approximately 400 and 600 liters of water used for the production of dialysis fluid 31 . High concentrations of bacteria can pose risks of bacteremia or endotoxemia to hemodialysis patients 17 because of possible passage of bacterial endotoxin across the membrane or because transmembrane stimulation of macrophages and subsequent cytokine production by endotoxin or bacteria 4 .
A variety of microorganisms can multiply rapidly in various fluids found in the water-processing units at a hemodialysis center, including the water produced by distillation, deionization, reverse osmosis and softening, is normally assumed to be nutrient-free 15 . If the level of bacterial contamination then surpasses the currently accepted limits, the result can be septicemia or endotoxemia by Gram-negative bacteria 6, 8, 18, 33 .
The low viable counts (2.5 and 3.0 CFU/mL) detected in this study indicate that the microbiological quality of the water analyzed was well below the limits recommended by the AAMI 2 and the Brazilian Health Ministry 24 . In contrast to the earlier study by PISANI et al. 28 , in a hemodialysis unit in the city of Campinas (SP, Brazil), reported that a viable count of 300 CFU/mL, exceeding the The results obtained in this study showed that the bacteria most frequently associated with the water used in the dialysis fluid and in the kidney machine were Pseudomonas sp, S. epidermidis, B. cereus, E. coli and S. maltophilia, in general agreement with results obtained by ARVANITIDOU et al. 6 , who reported the predominance of P. aeruginosa, S. maltophilia and E. coli in the isolates.
Enterobacteria were recovered in 5.5% (10/183) of the isolates. This finding was supported by increasing reports of Gram-negative rods causing frequent infections in hemodialysis and is the main cause of morbidity among patients undergoing this treatment 19, 33 .
The genus Pseudomonas was found in 44% (80/183) of the bacteria isolated, both in the water distribution system and the dialysate. This result gives cause for concern, in view of the well-known resistance to biocides and antibiotics shown by bacteria of this genus, which is often cited as the causative agent in reports of septicemia and endotoxemia 3, 18, 27 . Some studies have suggested that drinking water and water used to prepare dialysate 3, 7 have already pointed to genus Pseudomonas as the most commonly isolated. OIE et al. 27 showed that dialysis solutions are most frequently contaminated with heterotrophic bacteria, P. aeruginosa and fungi. The present investigation indicates that P. aeruginosa represented 24.0% of the bacteria isolated, a result very similar to the 22.7% found by ARVANITIDOU et al. 6 . On the other hand, very different isolation frequencies, 1.6% and 56% respectively, have been described for P. aeruginosa by ZUNINO et al. 40 and PISANI et al.
28
. P. aeruginosa is being related more and more to virulence factors, multiple resistance to a large number of antimicrobial agents, ready acquisition of new resistance factors and its capacity to survive in water for long periods, even without nutrients. For these reasons, this species is being studied closely with a view to establishing new means to eliminate it from dialysis water 3 .
Other species of Pseudomonas were identified in the samples: P. fluorescens, P. stutzeri, P. putida and P. alcaligenes. Immediately following water treatment (point II), the most prevalent of these was P. fluorescens, equaling P. aeruginosa at 46.1% (6/13) of the isolates.
Microorganisms recovered in public supply included P. stutzeri Isolated bacteria Number of isolates
Pseudomonas aeruginosa 3
Bacillus thuringiensis 1
Staphylococcus hyicus 1
Pseudomonas putida 1
Burkholderia cepacia 2
Agrobacterium tumefaciens 1 TOTAL 9
(1/29), and were also present in the later, treated stages (points II to V), suggesting that the tubing, especially on the machines, should be a site of biofilm growth. Supporting this suggestion, P. aeruginosa, S. epidermidis and B. cereus were isolated both from the post-treatment water system (II, III, IV and V) and from the dialysis solutions (hemodialysis machine water). The formation of biofilms, which promote the persistence of bacteria at various points in the system and protect them form disinfection, increases the risk of contamination and raises the levels of endotoxins in the water 25 . OIE et al. 27 have suggested that dialysis solution is especially prone to be contaminated in this way and they recommended placing an ultra-filtration membrane at the entrance of the dialyser, to stop any contaminant in the dialysis solution from gaining entrance.
The incidence of E. coli in this study was 16.3% (7/43) of the 43 bacteria identified in the dialysate. This result agrees with data reported by ARVANITIDOU et al. 6 that also demonstrated a prevalence of E. coli among Gram-negative bacterial isolates from the dialysate (12.8%). Other species found in the water from the machines, in order of decreasing frequency, were: 13 P. aeruginosa, eight S. epidermidis and P. stutzeri, two S. maltophilia and K. pneumoniae and one B. cereus, P. putida and F. odoratum. LIMA et al. 23 reported the isolation of S. maltophilia and B. cepacia in water samples taken directly from points before and after water treatment and from the kidney machines.
The water distributed to the dialysis and reuse rooms yielded 11 isolates of non-tuberculous mycobacteria (NTM): 4 Mycobacterium gordonae, 3 M. kansasii 3, 3 M. gastri 1 and 1 M. lentiflavum 1. In a drinking-water treatment system, LE DANTEC et al. 21 also reported the predominance of M. gordonae in post-filtration water. It should be noted that in our study the potentially pathogenic M. kansasii 3 was isolated three times; this species has been responsible for infections in immunodeficient patients 12 . On the other hand, although M. lentiflavum was isolated just once, it has often been found during outbreaks of hospital infection, contaminating equipment and medicines 37, 39 . Bacteria of the genes Mycobacterium have been isolated from a variety of natural aquatic habitats and are capable of growing in treated water and dialysis fluids, colonizing surfaces inside tanks, kidney machines and components of the water treatment system such as deionizing resins and reverse-osmosis membranes 11, 32 . Due to their readiness to form biofilms, mycobacteria can colonize many parts of the dialysis water system 16 , being harder to eradicate by virtue of their tolerance to disinfectant chemicals, like chlorine and ozone, is several orders of magnitude higher than that of Escherichia coli 17, 28 .
Uremic patients are at higher risk from biofilms as not only traditional causes, such as indwelling catheters, but also hemodialysis apparatuses contribute to bacterial exposure. Chemical or physical disinfections have been demonstrated partially active on sessile microorganisms and biofilm avoidance remains the goal to assure an adequate quality of dialytic treatment 10 .
CONCLUSION
In this study, the detection of a variety of bacteria, including mycobacteria, in hemodialysis water indicates the necessity of regular appropriate monitoring by the local health authority, to ensure the best possible control over the water treatment system. Although the total bacterial count was well within the standards required by existing legislation, as laid down by the Brazilian Health Ministry, there are no regulations regarding mycobacteria. The fact that NTM were isolated demonstrates that the dialysis water system can constitute a reservoir and a means of transmitting rarely pathogenic and potentially pathogenic mycobacteria among a population whose immunity is debilitated, such as long-term kidney disease patients.
RESUMO
Contaminação microbiológica no sistema de distribuição de água de um centro de hemodiálise O monitoramento microbiológico da água utilizada no procedimento de hemodiálise é de extrema importância, principalmente devido à imunodebilidade dos pacientes com insuficiência renal crônica. Nosso objetivo foi verificar qualitativa e quantitativamente a presença de bactérias na água de um centro de hemodiálise do interior do Estado de São Paulo. Foram realizadas 22 coletas de cada um dos cinco pontos do sistema de distribuição; 36 amostras de 19 máquinas de hemodiálise, prontas para utilização; quatro amostras do sistema de reuso e 13 amostras do sistema de armazenamento de água, empregando-se a técnica da membrana filtrante com poros de 0,22 µm para bactérias e de 0,45 µm para micobactérias. A identificação foi realizada através de métodos microbiológicos convencionais e de biologia molecular. Isolados bacterianos foram obtidos de sistema de distribuição (128), águas das máquinas (43) e sistema de reuso (3). Entre os isolados 32 foram de bacilos Gram-positivos, 120 bacilos Gram-negativos, 20 Cocos Gram-positivos e 11 micobactérias. Neste estudo, sugerimos que suprimentos de água para o Centro de Hemodiálise devam ser monitorados, adotando-se medidas profiláticas eficazes que minimizem a exposição destes pacientes imunodeficientes a fontes aquáticas ambientais contaminadas.
